We assessed gastrointestinal bleeding (GIB) and cardiovascular (CV) risks such as myocardial infarction or stroke associated with non-steroidal antiinflammatory drug (NSAID) use among elderly patients with diabetes.
INTRODUCTION
While non-steroidal anti-inflammatory drugs (NSAIDs) are the most widely used drugs, especially among the elderly, who frequently use them on a long-term basis, the benefitrisk balance of individual NSAIDs is chiefly driven by their gastrointestinal and cardiovascular (CV) safety profile, and there have been many studies regarding each outcome. In a recent meta-analysis, the pooled adjusted rate ratio of gastrointestinal complications ranged from 1.81 to 4.22, while the rate ratio for CV complications was estimated around 1.3 among NSAIDs including celecoxib. 1 However, diabetes is a well-known risk factor for CV outcomes which has also been suggested to be an independent risk factor for peptic ulcer bleeding, contributing a population attributable fraction of 4%. 2 Moreover, the 2014 Standards of Medical Care in Diabetes recommend aspirin as a primary prevention for those with increased CV event risk. 3 However, according to the American College of Gastroenterology Guidelines for Prevention of NSAID-Related Ulcer Complications (ACG Guideline), concurrent use of any one drug among aspirin, corticosteroids, or anticoagulants with NSAIDs is one of the indicators applied to define the group at higher risk of NSAID-induced gastrointestinal toxicity regardless of doses. 4 Therefore, patients with diabetes, who receive prophylactic aspirin, are inevitably at risk of both gastrointestinal bleeding (GIB) and CV events caused by NSAIDs.
However, beyond the risks from the unavoidable use of aspirin among patients with diabetes with high CV event risk, such patients are at further risk of negative CV outcomes from the use of NSAIDs other than aspirin. The safety profile of different NSAIDs among the group of those at high risk of CV events is not clear and difficult to
Key messages
▪ In elderly patients with diabetes, non-steroidal anti-inflammatory drug (NSAID) use was associated with a higher risk of both upper gastrointestinal bleeding and cardiovascular events such as myocardial infarction or stroke. ▪ Gastrointestinal bleeding risk was higher in patients with liver disease or renal failure, and cardiovascular event risk was higher in patients with a recent history of receiving aspirin or selective serotonin reuptake inhibitors. ▪ NSAID complications varied among different NSAIDs regardless of cyclooxygenase-2 activity.
study by clinical trial due to ethical issues. Furthermore, even though celecoxib was determined to be safe with regard to CV complications, unlike rofecoxib, 5 the association between cyclooxygenase (COX) 2 selectivity and NSAID complications in real-world settings among those at high risk of CV events is an issue that requires further study. Moreover, NSAIDs known to have stronger COX-2 selectivity than celecoxib, such as meloxicam and nimesulide, as well as new COX-2 inhibitors such as etoricoxib, are currently on the market. There are earlier studies looking for an association of aspirin use with CV events among patients with and without diabetes, but none have evaluated the use of other NSAIDs. 6 7 Therefore, we conducted a cohort study on elderly patients with diabetes to assess GIB and CV outcomes of NSAID users compared to non-users, and to identify differences in the risk of each outcome associated with different kinds of NSAIDs.
METHODS

Data source
Ninety-seven percent of citizens of the Republic of Korea (hereafter, Korea) are covered by the national health insurance system and therefore have equal access to healthcare services. The Korean Health Insurance Review and Assessment Service (HIRA) database, which contains all the reimbursed claims of medication and medical procedures between January 2008 and December 2012 of the 50 million total residents of Korea, was used. This database contains demographics (age and sex), prescription data (brand and generic names of the drug; the amount, date, and duration of the prescription), and diagnosis information including death following the International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10 codes). Since the present study used secondary healthcare data, it was exempted from review by the Institutional Review Board of Seoul National University Bundang Hospital (IRB No: X-1404/245-902) in April 2014.
Study subjects and exposure assessments
We identified new users and non-users of NSAIDs (Anatomical Therapeutic Chemical code M01A) among patients diagnosed with diabetes mellitus (ICD-10 code E10-14) in the claims database between 1 January 2008 and 31 December 2011. For NSAID users, the date of the first prescription for NSAIDs was considered the patient's index date, and those defined as NSAID non-users had to lack any NSAID prescription all throughout the study period of 2008-2012, and were assigned an index date corresponding to the same date of the matched NSAID user in order to minimize immortal time bias. Patients in both groups had to be at least 65 years old on the index date with no prescription of NSAIDs in the previous year to apply a new-user design in order to control for prevalent user bias such as underestimating early events and altering disease risk factors related to the study drugs. 8 Therefore, NSAID users were selected from the year 2009 to 2011, and among these users, those who had received NSAID prescriptions in 2008 were excluded (figure 1). The risk of GIB among NSAID users is reported to decrease markedly 7 days after cessation, owing to the reversibility of the COX inhibition by NSAIDs. 9 However, since elderly patients often receive NSAIDs occasionally, NSAID users were defined as patients with two or more prescriptions within 6 months from the index date with prescriptions within 30 days before the occurrence of an outcome, reflecting intermittent use with various gaps of treatment. The event rates during exposed and non-exposed periods in NSAID users and non-users were calculated applying exposed periods of users to the matched non-users. Multiple prescriptions of different NSAIDs were regarded as exposure to each different NSAID at that time when the risks of outcomes were compared among different kinds of NSAIDs. NSAID users and non-users were matched by using propensity scores applying predefined covariates that are related to both the exposure and outcome, since the model including only the surrogates for treatment has proved to imbalance propensity score matching. 10 11 Patients who had experienced GIB or CV events, cancer, trauma history, or coagulation disorders during 1 year prior to the index date were excluded to eliminate potential confounders to the association between NSAIDs and the outcomes. In Korea, one's diagnosis is cumulatively recorded in the claims database, making it difficult to determine whether or not the outcome is secondary. Therefore, patients who experienced either of the two outcomes of the study previously had to be excluded from the study subjects to detect the outcomes in the following years of follow-up without misclassification.
Outcomes and covariates
The two main outcomes of interest were GIB and CV events. GIB was defined as gastric, duodenal, peptic, or gastrojejunal ulcer with hemorrhage or perforation (ICD-10 code K250, K251, K252, K254, K255, K256, K260, K261, K262, K264, K265, K266, K270, K271, K272, K274, K275, K276, K280, K281, K282, K284, K285, K286), acute hemorrhagic gastritis (K290), hematemesis (K920), melena (K921), or unspecified GI hemorrhage (K922). CV events included acute myocardial infarction (I21) and ischemic stroke (I63). Outcomes were assessed from the index date until the last day of the study, assigning a range of 1-4 years of follow-up. Death was treated as a competing risk since it could happen before the outcome of interest in the elderly population. Only the first events were identified among multiple events, and when the two events occurred on the same day, they were both counted. Previous diagnosis of the following diseases was noted: hypertension, dyslipidemia, coronary artery disease, heart failure, atrial fibrillation/flutter, osteoarthritis, rheumatoid arthritis, liver disease, and renal failure. Recent use of the following medications was identified: antihypertensive agents, anticoagulants, antiplatelet agents, aspirin, proton pump inhibitors (PPIs), gastroprotective agents (GPAs), corticosteroids, and selective serotonin reuptake inhibitors (SSRIs). In case of patients with diabetes who regularly visit clinics for their antidiabetics, NSAIDs including aspirin are generally obtained not over the counter but from their physicians due to their cheaper cost under national insurance coverage. Liver disease included alcoholic liver disease, toxic liver disease, hepatic failure, chronic hepatitis, and non-alcoholic fatty liver disease (K70, K71, K72, K73, K76), and renal failure included acute renal failure, chronic kidney disease, and unspecified kidney failure (N17, N18, N19). GPA included H2 receptor antagonists (H2RA), sucralfate, misoprostol, and rebamipide, the last of which is a cytoprotectant commonly used in Asian countries but not approved in the USA. Comorbidity was defined as having been diagnosed at least 1 year prior to the index date, and recent medication use was defined as having been prescribed no more than 1 year prior to the index date and during the follow-up period before the event occurred.
Statistical analyses
In order to select comparable participants from the NSAID user and non-user groups as well as from users of COX-2 selective inhibitors (coxibs) among NSAIDs, propensity score matching on a 1-to-1 basis was used. Covariates proven to be adequate for propensity score matching in the association between NSAIDs and upper gastrointestinal toxicity such as prior use of warfarin or oral steroids and a history of osteoarthritis, rheumatoid arthritis, hypertension, heart failure, and coronary artery disease were included on the basis of an earlier study, and other factors that are potential covariates in the relationship between NSAID use and CV events such as a history of dyslipidemia or atrial fibrillation, and previous use of aspirin, antiplatelets, and SSRIs were also included. 11 The variables previously used to calculate the propensity score of selecting coxibs and NSAIDs were also considered. 12 A greedy 5-to-1 digit matching algorithm without replacement was used to match NSAID users to non-users to reflect the situation in the real world. The balance after matching was evaluated by methods such as histogram plots, c-statistics, and the standardized differences between the two groups. Among these, standardized difference is known as the most effective way to measure balance considering differences <10% to be well balanced. 13 Also, the event rates during non-exposed periods in NSAID users and non-users using the exposed periods of the matched users were compared in order to clarify residual confounding after propensity score matching. We treated death as a competing risk to model the subdistribution hazard function.
14 There were a total of 504 patients who died during the study period before the outcome occurred with an all-cause mortality of 4290 per million. The incidence rate (IR) with a 95% CI per 1000 personyears and incidence rate ratio (IRR) of GIB and CV events were estimated. The crude and adjusted HRs (aHRs) and 95% CIs of both outcomes were calculated for NSAID users versus non-users using univariate and multivariate Cox regression models. Time-dependent Cox regression was used regarding NSAID exposure as a time-varying covariate only in the case of CV events where the proportional hazards assumption was not met. The aHRs were adjusted for age, sex, comorbid conditions, and recent medications, all of which are listed in the tables. In the case of PPI and GPA users, early signs of GIB such as gastro-oesophageal reflux disease, peptic ulcer, gastritis, epigastric pain, or dyspepsia were additionally adjusted for to prevent protopathic bias. All statistical analyses were performed using SAS Enterprise Guide, V.6.1 (SAS Institute Inc, Cary, North Carolina, USA).
RESULTS
From the 1.7 million patients with diabetes aged over 65 years among the entire national population, 206 591 patients were eligible to be in the NSAID user group and 145 850 patients to be non-users. After following the exclusion criteria described previously, the two groups had 151 790 and 92 343 patients, respectively. By 1-to-1 propensity score matching, 58 805 patients in each group were selected, comprising a total of 117 610 study subjects (figure 1). Before propensity score matching, the NSAID users and non-users differed in age, comorbidities, and recent medications, while the propensity score-matched cohort resulted in a good balance in all characteristics according to histograms and standardized mean differences <0.1 with a c-statistic of 0.763 (table 1) .
Within a total cohort of 117 610 individuals, two outcomes, GIB and CV events such as myocardial infarction or stroke, were each assessed. The mean duration of follow-up time was 2.896 years (95% CI 2.892 to 2.901) for GIB and 2.778 years (95% CI 2.772 to 2.783) for CV events. During 4 years of follow-up, 2184 first episodes of GIB (1354 in NSAID users vs 830 in non-users) and 9333 episodes of myocardial infarction or stroke (5043 in NSAID users vs 4290 in non-users) were identified. In case of GIB, the event rate during exposed periods was 0.32 in NSAID users and 0.25 in non-users, while it was 0.68 and 0.75, respectively, in users and non-users during non-exposed periods. In case of CV events, the event rates during exposure to NSAIDs in users and non-users were 0.27 and 0.23, respectively, as against 0.73 and 0.77 in non-exposed periods. The IRR of GIB was 1.68 (95% CI 1.54 to 1.84), and it was 1.21 (95% CI 1.17 to 1.26) for CV events (tables 2 and 3) .
The aHR of NSAID use was 1.68 (95% CI 1.54 to 1.83) for GIB and 1.20 (95% CI 1.15 to 1.25) for CV events. The risk of GIB was higher in patients with liver disease and renal failure and anticoagulant users (table 4). In the case of CV events, the risk was higher in patients with hypertension, coronary artery disease, and heart failure, as well as in anticoagulant users, antiplatelet agent users, aspirin users, and those treated with SSRIs. Among study subjects, the most commonly prescribed NSAIDs were loxoprofen sodium, aceclofenac, talniflumate, and dexibuprofen consisting of 69.1% of the total NSAIDs (see online supplementary table S1). However, compared to celecoxib users, nimesulide increased the risk of GIB and ketorolac increased the risk of CV events (aHR 2.60 and 3.13, respectively) (see online supplementary table S2).
DISCUSSION
Even though coxibs are known to have a low risk of GIB among NSAIDs, their CV risk must also be taken into account. However, diabetes is a well-known risk factor of CV diseases, and thus patients with diabetes often receive prophylactic aspirin, which increases the risk of GIB. The purpose of this study was to evaluate the risk of both GIB and CV outcomes among patients with diabetes, comparing NSAID users to non-users, and also to discover different risks among different NSAIDs. All of the IRRs of GIB and CV events exceeded 1 and were at least marginally significant among aged patients with diabetes with various comorbidities and recent medications, indicating a higher risk of both outcomes within patients with diabetes, except for CV events in patients with rheumatoid arthritis where the IRR was not significant due to the small number of patients in this group. This implies the need to assess the additional risk of both CV events and GIB in patients with diabetes who were being prescribed NSAIDs.
The risk of GIB was higher among patients with liver disease and renal failure. Patients with cirrhosis may develop GIB resulting from esophageal or gastric varices. However, patients with non-cirrhosis liver disease as defined in this study, who probably would have no varices, were also vulnerable to GIB, which indicates that patients with liver disease have a higher risk of nonvariceal GIB when treating NSAIDs. Also, in another study, patients with hepatic disease and renal disease had a higher risk of upper gastrointestinal complications from peptic ulcer disease caused by NSAIDs. 15 However, patients with end-stage renal disease are documented to have a higher risk of peptic ulcer bleeding owing to mechanisms such as platelet dysfunction and blood coagulation abnormalities, 16 and acute renal failure is also proposed to be associated with upper GIB. 17 According to the ACG Guideline, users from the elderly population of any one of anticoagulants, aspirin, and corticosteroids are classified as a group at high risk of NSAID toxicity, while the aHR of GIB was higher only in anticoagulant users. Antiplatelet agents can give rise to GIB by producing ulcers and erosions, while anticoagulants might precipitate bleeding from pre-existing lesions. Even though the preventive effect of PPI or GPA in GIB is well known among NSAID and aspirin users from a variety of studies, it did not show statistical significance. 18 In fact, among 7977 patients who received PPI, a total of 67% were prescribed with at least one of the medications among anticoagulants, aspirin, and corticosteroids. Thus, PPI users eventually became more vulnerable to NSAID toxicity and showed a non-significance in GIB despite the prevention of protopathic bias by adjustment of early symptoms of GIB such as gastritis and epigastric pain.
When there are high risks of CV diseases or GIB, the ACG Guideline recommends prescribing PPI with NSAIDs or choosing COX-2 inhibitors. Since the study population is elderly patients with diabetes who are certainly at high risk of both events, the protective effects of the two treatments were compared. Among NSAID users, the aHR of celecoxib use was 1.09 (95% CI 0.79 to 1.50) while that of PPI + NSAID use was 1.10 (95% CI 0.93 to 1.31) (data not shown). In other words, the risks of GIB in celecoxib users and PPI + NSAID users were similar, with overlapping CIs without substantial protective effect. While the CONDOR (celecoxib vs omeprazole and diclofenac in patients with osteoarthritis and rheumatoid arthritis) study found results in celecoxib's favor, the main cause behind this result was anemia, whereas the rates of actual upper GIB did not differ between the two groups of celecoxib and PPI + NSAID. 19 This could explain the similar risk between the two groups in this study since each event was counted from the diagnosis of individuals.
Even though aspirin is known to increase GIB risk by direct injury to the gastrointestinal mucosa, this group did not show a significant GIB risk after adjustment. Furthermore, in a former study, while the baseline risk of GIB in the absence of aspirin was higher among patients with diabetes, the use of aspirin was associated with a greater GIB risk only among individuals without diabetes, 6 and the benefit of aspirin was reported to be similar in patients with and without diabetes in a meta-analysis of primary prevention of CV events. 20 The inter-individual variability in drug response or inadequate thromboxane inhibition by aspirin, known as "resistance," due to the variable turnover of the thromboxane in platelets could describe this, which may be related to glycemic control in patients with diabetes. 21 22 However, the inhibitory effect of aspirin by other NSAIDs is not likely in this study since recent medication use was detected during the follow-up period before the event occurred and also before the last prescription of NSAIDs. In another study, the relative risk of upper GIB in patients taking aspirin was higher when used for primary prevention than for secondary prevention, but this difference was more than compensated for by the lower baseline risk in the primary prevention population. Therefore, since aspirin was used for primary prevention of CV events in this study, the protective effect from GIB of aspirin could have been concealed. The higher risk of CV events among those with coronary artery disease or heart failure and users of anticoagulants, antiplatelet agents, or even aspirin use can be explained by the higher probability of developing myocardial infarction or stroke among these groups. However, even though aspirin is a well-known primary prevention strategy in those with diabetes at increased CV risk, it resulted in a higher risk of CV events. Among 43 758 aspirin users, 83.4% were diagnosed with hypertension, 91% were being prescribed antihypertensive medication, and 53.5% were patients with dyslipidemia, who are inevitably considered to be a high-risk group for CV events, especially when combined with diabetes. Thus, confounding by indication is another explanation. However, SSRI users had an unexpectedly high risk of a CV event, while the well-known GIB risk was not shown. An earlier study reported the beneficial evidence of SSRIs in CV events, 23 whereas another study did so only with long-term use. 24 However, depression itself is regarded as a cause of coronary heart disease by two mechanisms: behavioral factors ( physical activity, smoking, and non-compliance) and biological factors (CV autonomic dysregulation and inflammation). 25 In another study, hypoglycemia was associated with depressive symptoms. 26 Furthermore, a recent meta-analysis finding reported an increased risk of ischemic or hemorrhagic stroke by SSRIs independent of depression, and suggested vasoconstriction in cerebral arteries caused by SSRIs as a possible reason. 27 Likewise, SSRIs were found IR, incidence rate; IRR, incidence rate ratio; NSAID, non-steroidal anti-inflammatory drug; SSRI, selective serotonin reuptake inhibitor.
to increase arterial stiffness in the elderly, 28 and use of an SSRI was associated with increases in the heart rate and decreases in its variability. 29 When each was compared to celecoxib, nimesulide increased the risk of GIB and ketorolac increased the risk of CV events. Nimesulide is a COX-2 selective NSAID and manifested a coxib-like benefit in another study, 30 but this has not been consistent, showing a higher risk of GIB than other non-selective NSAIDs in another study. 31 It is not approved in the USA and was withdrawn in many countries due to its hepatotoxicity. In 2011, the European Medicines Agency made a recommendation that nimesulide be prescribed in acute pain or dysmenorrhea but not in osteoarthritis. However, it is still on the market in Korea as in a few other countries, and 1.6% of the GIB cohort and 2.2% of the CV cohort received it, which corresponds well with 2% use among orthopedic patients in Korea in another study. 32 Even though it could have been prescribed to patients with a higher risk of GIB, thus resulting in a higher risk in this study, lack of evidence on safety so far and the higher risk of GIB found in this study triggers an alert against the use of nimesulide. The CV risk of ketorolac, a nonselective NSAID, was marginally higher than that of other NSAIDs in this study, which is similar to the findings of other studies both in cases of myocardial infarction 33 and ischemic stroke, 34 with ORs of 2.02 and 1.90, respectively. Naproxen may be the agent of choice among patients with high CV risk, but only 1.8% among the cohort was found to have received it. Specifically, prescribing NSAIDs only by the COX-2 selectivity determined in vitro by the IC50 ratios of COX-1 and COX-2 should be avoided since COX-2 selectivity is not directly correlated with risky outcomes in real life. 35 This could be explained by the kinetic diversity in the COX inhibition mechanism, with which IC50 values are not related, and the COX-independent physiochemical properties of NSAIDs. 36 This also means that the current hypothesis of unbalance in thromboxane A2 (TXA2) and prostacyclin (PGI2) as the mechanism of CV risk of coxibs might not be a possible explanation for elderly patients with diabetes. 37 This study has some limitations. First, the claims database does not include diagnostic laboratory findings, a family history, or lifestyle factors such as smoking or obesity. Therefore, the reason for higher risk of CV events in aspirin users cannot be interpreted as the risk of the medication itself, but as an indicator of a high-risk group since these prescribers must have a clinical background for prescription and the drugs were being prescribed for reduction of potential CV risk, which was not possible to detect in the claims database. Nevertheless, one study showed that a failure to adjust a few potential confounders did not cause notable bias in an example of coxibs and myocardial infarction. 38 Moreover, it was reported in another study that non-gastrointestinal comorbidity is an independent risk factor for GIB and contributes even more than aspirin or NSAIDs. 39 Thus, we used various relevant comorbidities in generating propensity scores for matching NSAID users to nonusers and adjusting the Cox regression models. Second, we identified outcomes and comorbidities by ICD-10 codes. However, in order to increase the validity, the codes were used throughout four digits in detecting GIB events, and outcomes such as myocardial infarction or ischemic stroke are regarded as difficult to misdiagnose. Third, NSAIDs including aspirin are frequently obtained over the counter. However, due to the national health insurance system in Korea, patients receive most of their medication including aspirin or NSAIDs through prescriptions from clinicians since that is cheaper than purchasing over-the-counter drugs making it possible to detect the use of aspirin or NSAIDs in the claims data. Therefore, misclassification is unlikely to be significant.
CONCLUSIONS
In conclusion, elderly patients with diabetes using NSAIDs were at a higher risk of both GIB and CV events compared to non-users, and these risks differed among different NSAIDs in a way that did not correspond directly to COX-2 selectivity.
